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° ! Abstract: A distributed optical fiber sensor system capable of measuring the distortion and the temperature of a structure with 
fS| high space resolution considering a transient phenomenon. The distributed optical fiber sensor system comprises an optical fiber 
Q installed in a work to be measured, a light source unit which emits a first pulse light of the pulse width of not smaller than a transient 
W response time of acoustic phonon, emits a second pulse light continuously at a time interval where the vibration of 



W#004/040241 Al jjli 



die acoustic phonon is maintained, and feeds it to the optical fiber, a detection unit which detects the scattering gain spectrum of 
Bnllouin scattering light generated in the optical fiber of the second pulse light at the time interval equivalent to twice the time 
obtained by equally dividing the pulse width of the second pulse, and a control operation unit which calculates the distortion and/or 
the temperature based on each scattering gain spectrum for each small section of the optical fiber corresponding to each scatterine 
gam spectrum in each time interval. 6 
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ft774/**T'±czzrv)\,T>m.%i<Dm ! ,m~>7 bm*yt7 7<</Mz%i 

r> TWM-tZ> Z\ £ ICJ; U m&&G4ttmt ^^Wty 7 -f /*fe > W % %~?7<i 
Ttfiffl-T -5 C <!: ICck ^> T;SJg#fc£it;I8ir- Stt^Mft 7 7 -f >tr#*n 

sntfey. mil rafci&ft«^ypy-«j«j (*7>p:^;**±) p 3 2 
5~p 3 2 7 iciB«g$nTCA^„ cne>^M3t7 7>r/tt>ito^^#gf^ 

4 j^yy-is^A&^ommv-xtXsT^fmw-'i 1-15061 snx^m 

U CiD^mit. .^12 0 0 0-0 7 4 6 9 7 ^f&SSi UT^Stl^:. 
^2 311 ^^2 0 0 0-0 7 4 6 9 7 Wjkmmf^<0^m%y 7 >f A-fe>t*-> 

H2 3(C*50T, ^©^1^7 7^ At>*y^fA1 0 0 Oil 

1 0 0 2 <fc, 7|«>y3tiB 1 0 0 3^ ^P-y« 1 0 0 4 3fc®g1fcfchgg 1 0 

0 5<t, \ 0 0 6<fc, ft?*;!,* 1 0 0 7t. OOBts ffl® 
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MM 0 2 0 <fc*«*.T»jfc<**V5. 

1 0 0 3frt>m&z tittmrn* > -?x.t>m* 1 0 os^utA^n, ffe 

»*6tt. ^n-y3Wi 0 0 4*&|4tt*ti*:^jWJ|^n->r*^A*r*ti*. 
6fcj:oT3t7-f^i 0 0 7 ic^ti*. ft^kSM 00 7(1 cti&MMIt 

a** * ^ ^ u jut ymmznttmm^n - wv)V7>mx> *3-\zm 

mtmmzti* mmmmit, mm oosicttaati*. mmi o2oti 
. ^a«ra-^3to«a«[©iafl6 % mi 0 0 1 <Dmmwmv*mw&n-7 



HCMM 0 0 8lt ftttftlMl 0 0 5O*ffiiJICl^ft77^t1 0 
A1 0 0 011 ^««^P-^*<!:qF«K*>^*tMW:y^5««|«*Wz 

»"*Kia»*»i6«c<k*«T*f, WRfc (transient phenomenon) 
Ci^»l6tlTU§ ( J. Smith, A.Brown,M. DeMerchant, X.Bao, " Pulse width 
dependence of the Brillouin loss Spectrum" .Optical 
Communi cat ion, Vol. 168(1 999), P393-P398) . 7 *J JU7 >ftH.*fMg L 
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ic$|j#$tis^KP^Pi"etai5ig 1 /t;u^3trc«iitT» 2 /^^it^^ u m 1 

mm 2 /t;^***B«7 7 J'MztmirZftmt. mmm 2 /t;uxftic cfcoT 

j^<o/vuxm^m^muxm^n^mm(D2mz^T^mmmmT^mT^ 
wmm\zz>\.\x. m^mmmmo&mimmx^* hMzm^xm^u/ 
tux, ±mottGmft7 7 4rtiz>y-z,XTAiz&[,\x. umikto^mzs m 
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* bJut/ime>n^mxm^ytommommm^m^\t'%mm^t^?ixmm^ 

iCfcOT, tflIEBlf^(0^^<D3t«!:BfIiE^ U ^7 >tfegL^<t^tuIE5t7 7 •< 

-y-v^AizfcuT. miexffmtt* me#MnHo#Mfefa^u*k^^ f;hc 
(om ! im.<o%^2-^\z^w.t^m^%■hzr^t.. me«i **^-c5MEsn)t- 
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tern 3 it* zf^frzm&ztitzyt&gift uTtrtnm&?z> » iiuiEgftii© 



mmommtsmw 

mi 14, miommmmiz^it^^myty7^niL>^>^T-A(Dm^^-r 
0 2 14* ^mm^m^m^m^n^>y^mBMT^6b<om-c^o 

HI 4 14, #3t©JSiftttH«*^HT*S, 

08(4, mi oiii^srcfeirt^^rabt^y.-f/t-fc^^^AoiM^fts-r 
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09(4, SI 7 fCfclj-^iAf^^-r^P-^-V- hTfe^o 

Hi 0(4, 22fe^nw^7^;i/^©^jftasM*14*^-rHT*^. 

01 314, cT^aT^ffl$n-S7^;u^(D!|#it^-rii-e^-s, 

01 5(4, B$Fp1-^^«TgP4 4(DA^«O-^J^^-r0Tfe^„ 

01 6(4, &*4A ■ >K2(Cfc{^JifcifeX/^ h^^-r0T^«5 o 

01 7(4, m2(Dll^S(Cfe(t^^M^7 7^Ai2>1tvX7 i AOiftf^^ 

01 8(4, macO^B^lCfelt^^^^T^AizVi^^^AO^^ 

01 9(4, m4(Dmmmmizmfzftttmtfc7T*rtiz>y-i'XTA<DMm&7jk 

02 0(4, ms<omMmm\z^\t^^m%yT^j^>it^ : rA<om^^i 

02 1 (4, &5<DnMBM{ztsitzwmmm&Mw?&fcft<DmT*$>2> e 
02 2(4, Mm&&&&m^izt5tf%7a-^v-t*%7ji-?mT&z>o 

0 2 3 (4, <jfHB 2000-074697 §»1^flJl3fe7 7 ^/tt >ty 



6 



WO 2004/040241 



T/JP2002/011413 



pi— <ommiz;-Di\Ti*s H—fl>w*#u ^(Dmw&mo&i-Zo 

%mi U ^^7 1 2, 19, 2 2, ftj^fgl 3, 3tAift»S^«1 4, R F« 

Sftfff2 3, 5^2 4, ii^2 5, /t> H/l*?^ Jl/* (B P F) 2 6, jffffi 
#12 7, T-yuV/T* i>$)VW&%k (A/D) 28, J^y7 7 2 9 X.tf®mmM 

mm&vmw*& Hmm<Dyt&m®'MMU3 oopmoTiz&mTZo xni 

11*, 003.(2, #tf»Ba!#3«*u--i* ^y^y^Jg^M¥^U/— tfTS:^ 

2, 1 9, 2 2ii A«#**ti*a^ttLTJi*ajr**iiT»*. ft*:? 

RF<f^3Sl 5(i, $ij^l/^^gp 3 0 <D$\$$(DT IZ R F (radio frequency) Mi& 

mfeomyjiLmz&m-t mzi& *nmmm<Dm&\zit. rf mmm 
i 5^^m^n^mnm^<Dmmmz!tcxA^tft<om}m^mmT^ss b 

(single side band) -LN^iST'*§, $J$Pt§ 1 3 (±, HffllftJttfli 3 OOftJ 
•PTC, dMaUMfMHl 4S^RFfM^i 5*«j«--Bc:i:lc«fcoT3tJBaa» 

&Amft<D : ,&miz^t>tt%±mKm&mu vrz^ty7^cy<mmmm^6ti^o 

7 
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mi 5 o o nm^oftzmm-tzm&iat, ^±m7tmtuxjLj\,^0A 

(erbium, If#§6 8) TtmtfmmZftZo 7(4. 
®(C^UT^mf 3S&p D n TT<fc&o ^77^A2 1 (4* #R§^£7 7 -f/KgP 2 1 -1 

<!:^aj3t7 7-rAgp2 1-2 <h(£&g|S|c#(:J-e>ftv 0iJ*f4. 5^M7 7^/tf 

#h*7 7*a»2 1-1 i± v ^;Bg^tiic@^$n^:t^ieg$ti, 

7 7-r/tg|J2 1-2 (4, ^ v h>*JU&tf&«I«®fltiltti (tftiBfl^) 1<7)rtgPX 

■**L*>teit»fc7 7-</<»2 1 -2 &mm?%&mittsn,\ 
^oi^miciits, $^2 4ii Attznfcmmvmmm^Z'gm ux 

tittT&o §£M%s 2 5 (4* $ MMIM 3 0 cd$||^I(DTIc, 3f3£©JB5ft(Bk f 1 <OWM 
fi^SBfit*. BPF2 6I1 m^OJi^^^^jg-r^^^^^T'*^. 
*«J«2 7(4. A*TO*HfrS<DjS«l(CJ««|-r*. A/D2 8I1 T^P^ft^ 

T-fitfjummzm&irz. 7^772 9 » % A/D2 8oa**-»w(ceitf 
icA^^n, 2orc»Esti*. ^E$ti&-^©u— !f*r4» *-hd^6«*a 
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HI 2 [4. 3t«»»«^^&»msnS7|<>^*»Wt-<5fcd6©HT»*. S 
©MPff^Stf R Fft^Tjgl 5<DR FJi;&£fc|Cfi£oT, /t;^«Tw1 ©* 1 /W 

x3fe<t/^^iiiSTw2 ©i2/^xjt<!:icM$n^. mi/^x^fi, mm?* 

«Tw1 (4. iaaUS»^»Tf**:(t©J«l«^ETf»*. jBgJfc«0!>tt|ftl*n(4 % 

/W*MTw2 tt % IHKMttJM-?*tU*Jl< (Tw2=dtXm) , ffiAtf. 
*5WWi5ttT(4v 3 0ns {ClfcJt Lfco $ 1 /Wl/*ft<i:fg 2/t^3ti©IHI 

PiTwr (4, Igl /^X3t©fflift»j^6flS2/^^3t<o«iftttcSEH , r*>fe:«>lCS 

*-*»wre*u. ne«Pfgi 3, %na»i»jMi 4&ucRFA^aomic£ 
££n<5„ mi 'vuxftomTiz£vTmm7*s><DMM&mi&mifci-z<D-c. 
z.(ommTw [4> «us»slo. ffliAtf, ^mmmmx'tts 2 n s -e^, & 

lclBHTwr©IWr45IHW»c:feD«:U. 

»1/t;^©flaftf 1 (hlfl2/t^%C!>jnSftfi[f 2(4, 3fc77^A2 

f&f e <Dmnm^T-g : ,&£ftfzm%: b p f 2 6-e^a<7^^u>^-rsc<h 
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1 It 1 2 G H z ICKflg StU m 2 /t;^3t©fflMJt f2(i10. 8 G H z (Ci&£$ 
7. fl|%1H«p»1 8, ^^7 1 9, 2 2»lftfc77"f/t2 1 icsc*** 

*^#*MWMcfe£*«UT» ^aj^7 7-f/tgp2 i -2 Ts*^>as*tnBf 

#XD®T?&Z. H3©«Hfctt*7T-f/t2 l±Ott«*«-r. *>t, i3(DA, B, 

7t77-TA2 1 »1 /^X3t&^J|l2/t^3t|CcfcoTia3rc^-rS»7 

fg1/\VU*ft<D|g&,£A' ^PJSf-5^7t77YA2 1 +T?ttjg 

ic^-r J: 5 \z&* [ztLtE>±tfiz> (^a~,^s) , c©aajt»tt, ±aau>taya 

»«2 0ns^U, 3^0D6Ons OAS) £««rtitf % §f7*/>ll 

*t»s««««i< cas^jab) o fur, « 1 /^7«t urn 2 /t;U^ 

©T, i§;I^^:<^^e»^/j:m2/\ 0 ;U^(c«J:§WP7 ; i-y>^D'5. c 
Ofzdb, m2;V\,*mz&&7*\))\,T>mL\*. ^ic^CI., fg 1 
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*«J, ■i«f2tt»2/t^* , C*«. "tLrT% flmsb'lttftl/tjfcftjfcc 
oT*i;fc^y^T>lfcBL*©*liMfcT*4. fcfe. f1-Sb1=f2-Sb2 

= f BtDmmz&Zo /t>K«Btta*»2 3<o«aftSk/t>i«-c»y, coiagftgg 
wmtim&T?&&<DVs yvju7>mi^t<D^ v—^x%ms^>m\.mt. 

CCT, fBIl 10. 5GH'z©*7 7-f/t*«fflUJWMr(Ctt % %*?z>2 

2 lCfcl**T# tem ICcfcU, f1-fO=12GHz. f 2- f 0=1 0. 8 

GHz (U-y-KB*J=**JW ) • f 1 - f 0- f B=l . 5GHz, f2 

-f 0-f B = 0. 3GHz (3 0 0MHz) <h#3<E>T\ A>KflgB£6 0 0M 
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S3t»2 3 0A>K«B(4, &ftx0£*HB€abs [x] T?«^*«frn 
abs [fl-fO-fB] >B>abs [f 2-f 0-f B] • • • (1) 

A5>7K* U">— /t (balanced receiver, BR) £fflU£ 0 §5fe#§ 2 3 (DttJ^I 
fit, 5**2 4T56fi»2 5jfc&A*£ft*JB»a:f e©jEtta*«lfflr«^a$ 

tu b p f 2 6 icA^^n^o mz.it. *nmmm-ei*. mtim t e i* i . 3 g h 

zlCR£<**U BPF2 6<D®I«rtett* *#bJNaM&a>e«M . 0GHzT?3K»a 
ttftttBtf 1MHz ICi^Snfc, 

BPF2 6<£>aj2>fit, W^OU^USTilMSStU A/D2 8T7tnm* 

(t) (c^-r^^^tc^ ^> ic 2 

C£-C\ ±Jt<D*R^K:fel\-C A/D 2 S^ltV^'JV^U- h£5 G S JCBBE 
*-ftf& abs [fe-o>]=1. 0 G H z lCfel\Tfc:/'J^7>tt8L3feK:«fc*fi 

&ft. Ps (t) ©sll JB»»*3*U |4©Sb2T*S. **JfcJgJ»T«» 
s = S b 2 

= (f 2-f B) - f 0+ f e . . . (2) 

T&Zo C(DPs (t) fit, A-/77 2 9(CA^$nT-B#fl<j(ciE1t$n«5o 
COckp(CUTia5 iCf«T?^^^s [Zttfc-t&^^s? h^UPfe ;WSn 
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CCT\ 1 GH zCDR F^(f|c^?%S(£T&£;&>£d t = 1 

/t;U*#d }fciV = 2 0 Omm/n s "Ci&<5^e>3t7 2 1 z = d t 

xv/2 = 1 ocm^wejtf^eit^y, mm. ps (t) « % *?7-f/t 
\zttmu. mmy7-(^2 1 -2 ^n-ifli^/hSFBifc^iijf-^ e £*: v $2 




(3) 
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mummm. f 2 (cfcit^, m s izm?m.&.(Dwmm z co-z ci+n-i) 
e^z (j) vmLmmmm-v&Vs a o, n i^hjcqs en (c**-r«5j# 

S0tt'JxEM z ( j ) C i = i — CI + m- 1 ) ) )VT>mUtV>% 

qs (i) m2/v\,xiz&%7V)U7>m.&ft<Dyt%imtm2/vi>x(Di?t7 

Qs(i)=lnPs(ti)+aL-7? ...(4) 

?? li3tigJr?&3;^ ffiM<DfctC>\zv = otUT<b&i\ 

* L/T, fgJSfl 2 5 <£Ji;j££fc f e £ 5 M H z IHPBTfjfefrr & y U Jl/T >tfeSL 
%<T>$'Ux' K^-T> • (time domain spectra) -5 CI <h^T 

#Ri^7 7-rAgp2 i -1 icfc(t^ifegLfij^^^ h;uB-e^^. Agu, cne> 
ttjiiL^gL^mx^^ h;uAofi^{s<i:#M3t7 7-r/\^2 1 -i iztsvzmi 

omxm&^-xzmi&f&t&myt? 74/^2 1 -1 iztsitzmimmx^? bju 

mm&m \ iztevzmfrjkm&mt^mft? 7 4/^2 1-1 iz^it^m^Rzs 
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Cl -^ A £ = £ r - e K AT = T r-T i T&U, g r li#R§^7-r Ag|J2 1 
- 1 ©«*?iJKMB8k C e v. Cep, Ct i/&tfc t p(i7fe7 7-TA2 1 lc@W 

CCD <£ ? (Cft;il^m^5EC 3 &£KiU (C/BOT. ^ 7 (C^f «fta#iJflMB»S/7 hA 
lC*3C*£ffi* e i = £ r + i =T r +AT$^CWtS„ 

m\ mnwsoit ****j»ftu rf««ii 5 atoMm 2 5 

3««9t-« (Si 2) 0 ;*fc, m«fliptf3 0M: % *m i*fM»Stt % cwi/ 
KiTMfttStlZ (S 1 3) . «#a*tl*:»1/t;U^3feRt«(l2/t;l,x*(4. ±M 




(5) 
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•5 (s i 4) o ;^(c, zo?yji,T>m&ft<Dy->zfv>tft)im7£<DMmizm.z>T 
^nsctiCct^t, ^m3t77^r/tgp2 1-2 <D±mzM^xy->~?v>#& 
m?tiz> (si 5) , m&ommit. tn? 7^ ^2 1 <D±^&L£irtu£ s ytwyt 

#(C, »J$P;1t$|gP3 Of*. yu;UT>tfeSL^^-r-5<i:^;ai$tl'5JS^ififfl 

t> mm%s2 snmzmf e^mmomim^rdit-r^u^t)^. si 2msi 

5*HUW (SI 6) . C5LTS7lC^-rtfiiU^:ijlSLfiJ#^^^ HUA^iH 

SI 275MS1 6*»UiSU il7(C^nt}ilL/^SLfiJliX^^ 
^^W^-^^^.fcplCUTfeckt^ CniC<fc^)T^77^A2 1 (Ci3(* 

letting d<fc#T£«5. 

^smajg^^PBl^tg^jzBU^jCS^M^sjcS^/B^^ (SI 7) „ 

JU±OJ:p(c, ^^^{cfc(t^^M5fe7 7-r.A-fe>-b-v^-rA l out, ft 
77^A2 1 *»/J\BWl=«Sttic#aiU c^/jNErBl(cfclt§y«j;i/T>^f5L 

nmmits ft7 7*sw<Dftmtif>yo><!?]s-b'£[z£.-?T}*?£Zo ftt, 
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msit. si 7ic*5(t-si*^^-r7P-5 l i'~hT*>§o mi oits 2&tcp 

tkvtov* M.mtAmjiitT'$>% 0 mi o (b) « % «««a«[icfe(t*2»j5cp 
-A-x^-f^^^^^tt^^-r^T^^. ii o (b) (Dmmtma-c&fj. 
mmtAftjjit-e&Zo mi ut, m^tmt^^nrzmm^tomm^-r 
mx&z> 0 mi 2 it. /vuxft&mj&<Dmi!i\ztsvz&3<D'frmaL a, n ^ 
■tm-v&Zo mi sit. cT&mvmmzft&y * j\,?<D&m*7K?m-e$>z>. 

|^9(CfctNTv UWmM^ 3 0 it s A->77 2 9 COtf-jlT 2 -*^ 1 0 (C^-Tig 

;&£fc#1£L p 2 ;^jcn -/U7 lc<t o T7 U >^t§ (s 3 

1) , cct% mi otzTFi-rmmmi&gkv ^u^yvafeaoiftfflKcttffL* 

«A«3 5MHz(Dii£rmi OOMHzm #fC. MHa»93 0^ 2,5 

fcwiiiiwr* (S3 2) . mi im 2jsoDtf-iB-7 s -^o©iHi(cfc(t*2j«©7 s 

Hi 3ic^f^15tffl^fflc^CT*0rS7-f;i/^y >^fre> (S3 3) 0 tut, 

ummmm3 oit. S31MS3 3omm&<DT-*zmi.\T&wmm\z-z>\.\ 
xm^^m^±mur^37hm^5[zm^m.mt^ (S3 4) . z.mz^-o 
-c £b\zmftMmxmfrj&&&m&ft : MT2>z\£&x%z> 0 ±3&<DmfflT-i*. a 
/d 2 8T*s*ti~3iT j --*o©i«fii«fc u ^^m^T-^nmmxm^mmv 
mfr&tt&mzftffl-f z. £&x& §. 

#ic, %\<Dmmmmiz-z>i\Tmwfz>o 

^i ommmmizioit^^m^tyT^/^^iy^Ai oi*. ins^irs i 
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6icfcoT, mm<Dm : ,&$$LmmxmvMus 1 27531s i sofmM&ftvzitizj: 

#t¥& (time-frequency analysis) &m^XT-#&mZ>mMmfeX%>%> 0 

■?mx$>& 0 mi 4icfei\T, m 2 onmmmizteitzttftmyt? 7 

A^AI 1(4, 3fe;JI1 1, 2, 19, 2 2, ftJSPfi 1 3, ttJn&ft&ft 

»1 4, RF<f^;JI1 5, ftWHfgl 6, *7-fVl/-^1 7, «3%ftij«Pj» 1 8, 
*7T-TA2K S%02 3, BPF41, MHS4 2, A/D4 3, «■ -.MR 
«k»«f»4 4&^»J»3t»»4 5*«liLT«fig$tl*. 
&[C, m2(D^^|Cfelt'5^ : mM^7 7'r/t-b>t>-*>^7 i A1 KDWffclCO 

(Wi2<Dnmmm<Dmm 

MSOftftfMftl 4[cAI4$n§, A£*UfcCWU--ifft(4, AJWKftffiftffl 4f 
JUigft f 1 = 5 G H z , 1 OOnsfiDil /W^fti, 2ns OftMRQfflf 

&mtT* JS&ife f 2=1 0. 3GHz, /Wl^iH 3 0ns®$2 /WJtftlC&gl 

**mi 6CA*h£fts. cne.ii &#gs 2/vuxmt. mi 
(ommmm t mm \z<tm u&a* e> , e, mvu-^i 7, mft#jsp 

«1 8&t^**^l 9*^UT3t7 7-fA2 1 ICA«*3*lS. 

^77-</t2 1 ( PTi2/\VU^|Ccfct>T^C;7t^U;UT>iftSL7t(4, ytt>zfy 
1 9*^UT^A^5 2 2©7K-hr(CA«Stl-5. h q ^6A«4*tl>tCW 

T2^>ic^ie$n. ^n^ns3tt§2 3icAi4$ti^o 

ddT, fB(4, 10. 7 GHz (D^ty 7 -C/^mmur^m^lZlt. tftJl^2 
2lZj$lt%=F& ICcfcU, f 1 -f 0 = 5GHz, f2-fO=10. 7G 
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Hz (U-UH*a*U:»J6«. ) % f 1-fO-fB = 5. 7GHz, f2- 
fO-fB = 0. 4GHz (4 0 0 MH z) t^<DX\ /\*>KiPlB^2 GH zJU 

■e-LT, ^S5$n^3t(i. s^2 3izA^^n, ^m^$ti€> 0 gftt§2 3 

(Oai^f*, B P F 4 1 !CA*l3tt<5 Q «*.(& «MfiggTlt v B P F 4 1 ©SaS 

&mts +&mmktf3 oomhz vm&m&&mmtfi 4 oomhz izmmztifco 

Z\<Dfz&>, B P F 4 1 (DltiJllt. m*m : &$$l&5 00MHz, ft/J^;&gfc#* 1 0 0 
MHz<fc&£ 0 

b p f 4 i (oihtiit, mm%s4 2-cmm<Di"<ji>$.T~mm£ti. a/d a 3t*7 

D4 3 0t>^y>^l/- h£ 4X500 = 200 0 M S J-^LtlCl^-f «g> 0 *£t 
SSJF$ST[±v 8 G S (C^^tlfco fl/T, A/D 4 3<7)iU^II^ • m : ,&m.M 
WSP4 4|CA^$tl-5. 

si 5(4, i$ia-jHa»»4if»4 4©A^aB©— w^t-HTM. mi so 
mmtmm'c&Vs mmtmmx'$>^ 0 mi 6(4. $<<>wiz 
tew******** b)u&7jk-?m-?$>&o mi 6oxnmh«$u ytt(4&i% 

*m-JHftCMWffl!4 4(4, HI 5(C^T«fc5(C— ffi»J|HT©^A >K 
£ (time-window) W1 ^g^U Z\<D^^(A • $4 > K£W 1 ^(D^— ^(Cfctl/ 

T7- u x^^^e> led; y , iaa»^h^spwi**«>5, -eut, 

^^A - -J^>K^W1 ^^^A"J-r>^W 2 * -f A • £ -f > w 
3, • • -©J:5(C-S«SFHdw«(tJiR2fc(c-r6-rc<t(cJ:oT, Ml 61ZtfT£ 
3tC#BSMlcfe(*SJBftgfe;*/*£ M,s pw2, Spw3, • • • 4bV7J\&<<A 

"C*a6<5o Cut Spw2(4, S pw 1 lZ*iUTmm (T + dw) /2<2DJl;&£fe 
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mxits ^mmmmvits — mmmT\$4 oons izn&zn. zommronz 
f^»$-&«5*(o«D»«fts*«^ (s 2 1 ) . friz. mmimm* sit, ytmmmm 

&4HM 4<fc'U±aUfc*1 /t;U^5tS^lfl2/t^Jt^ilS$n-5cfc5fC, »PiS 
1 3«jH«Pr« (S2 2) 0 JfclC, ftmifflgM 5(4, 3tffl 1 1 *fE»i*-tt* CW 
U-tf XMIMNHM 1 4 ck U ft 1 /Waft&tfft 2 /V\,xft%m 
ttJSit'S (S23), *faj$nfcmi A°^3fe^m2A;i,^[4 v ±M(D«fce)fC 

Wcftunu ^2A;u^ic«fc^^u;u7>tfegL^it>yg>^$n'S (S2 

>^$n-5c<t(cj:oT» ^ai^7 7-r/\'gP2 1-2 <D±mizm-Dxv->zfu>^ 

ififitotl* (S 2 5) . 
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m • mmmm&4 4o^-^^m^x^wmmiz-Di\xm^j3LUi^m^mmm 
ftMmT-±&urcj£3 7bm.jS;5\zm'3%imTz (S2 6) . 
&±.(D&?\z, *nm%mizteit&ftttmft774rtiz>y-i'XTA-i m 

T-fi&mz&fffl • mm&mm<om&&m\,\&tr>^ mi ommmmo^izm^ 

A-ettjijif z^ttfix-zz. cfcoT, wjmizm^Rxs^mtfimtT^mmmmx'b 

Aiz. ^\<ommmmiz-Di\xmmT^>o 

t£3<Dnmi&miz&if%ttftmft77*A±>vi'XTAi*. mi&vm2/vu 
xft&i=>mz7£>yyt£. mi Tkxti&2/vi7sit<Dmttmzi$fa-?z>&?\zzfu 

zz£iz£?xm&&zfi&&&&tb&nmmx$>z> 0 

en msonmmmiztevzftftm!fc77*/^>y-*sXTAoffim&7F 
■fmxfcZo 

Hi SlCfcOT, m3<DnmmBAZ&[f%tt1fimitt7 7'( 7\*-lz>1tv*^A1 2 
(iv 316311 1 , ftjfc^l 2. 19, 2 2. 51, ftjftlfgl 3, %JBift&S&« 1 
4s RFim-Ml 5, ftitfWggl 6, 7. MftftJfcPSgl 8* ^7 

7^2 K gftf§2 3, LPF5 2' % iMS3 t A/D54, /ty77 5 5 

&tfftmftff& 5 6 &ffi?Lxmm2ft%o 
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(m3(Dmmmm<Dmm 

sawaisi 4(cA^$n-5c Amufzcwis— *f?ttit> ^tm^m^i a-v 

Hi&gfc f 1=1 2GHz, A 0 ;UXit1 1 OOns^II /Vteftt, 2ns (D&fflm 

m&£.(fT. mt&m. f 2 = 1 0. sghz, /vuxm 30ns 2 /vuxmzm 

ftrt?^1 2T#@E£*l7it- hd^e>^m$n7tCWU— tfftte, ft*:/ 
^5 1 <£>7tf- h j {CA£tf£*U 2 0lc^S5$n-5o ttiE^ftfc-jfrte, h I 

i ©fl!i^^^A^$nfecw^-it'^^n--^<i:/d:«5o 

^7^*2 1 E f , "Cm2/t/U7 > 5t07''j;U7>iftgLlCj;oTiiili$n^:^P-y 
ft (^U;U7>tfeSLft) B/7 1 9^ra*^7 2 2<Dtf-h rlcAS* 

$n«So ^- hq^e>Ai^$nfecwu— y-'ft^-b rt^^Am^tirczf^jiT 
>m.u,mt, ft* ^2 2-e^$tiT2-p[c^is$n, tn-en^2 3ia 

EP-fe, 7fs^E^> (homodyne) &;J&<h£:<5o 
CCT\ f Btt, 10. 5GHz(Dft77<A^fflU^i#^(C(^ ft*:/^2 
2tCfc[*3=F;£ (^;&) fCcfcU, f 1-fO=12GHz 4 f 2 - f 0= 1 0. 8 
GHz, f 1 - f 0 - f B = 1 . 5GHz, f 2-f 0-f B = 0. 3GHz (3 
00MHz) £tZ&0-V, AVKfliSB^I GHzfCii^-rn^ fg2/\VU*ft(Ccl; 
&Z?V)lT>miyttdV%Lft$s2 3frZftti2l*2>Z\tW-e%% 0 gftf§2 30!>/t 

•eux, ttiesrifcftte, §fttt2 3ica*j$*u §^23 

o&jjit. LPF5 2* izxtiznzo mztfs *mmmm-vits lpf5 2' <d 
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jtii^ttte, smmmsmmtfi i oomhz izm^ntc 0 

LPF5 2' (D&tltes mm$%5 2T*Wife<D\s'<)U3Z-Vm<m2tls A/D5 4T* 

/D5 4 0+»->yu>^U-|>^1 6 0 0MSJU±|C^-T^o R F(i^0D^Jg(C 
JfcJW*. *5IJteBfiB-C(4» 2GSlCHfl£$ftfc. Ay775 5lt A/D54© 

aj^^-^wiciEH-r^c aaa*ais3 0tev ^Mtaajit^T-r/t-fe^^^Ai 

Id, ^3 7}M5t5lC«fc^T5 c mtD^^m^^fP T-i A 2 1 (C^DSMMfctf 

latitat*. 

#*B0i£7 7-r/*fe>tt5'*'5 fc Ai 2tffli\Taaics*»^aa4Scwa 
t**a^©aftf^tt» m 8 C/Tti i ©aajig«»ctert$5a'ftai3t7 r-f /t-tv-y-^ 

1 ©aa^aicfeit*^a3t7 7^r/xi2>-9-s/^Ai o©^m(c*pA.T$e»[c v 
rp-^3t*ffli\*o-c % ±uanfl»*#»&*v tiaEa«j:uft0i<i:-r* 

awe a^a-araaicooTBwrr*. 

/tt>t^fA1 3 It. *\tU#<4> (heterodyne) mtllZJ: V 7 V)i,7>WtSL 

tiT^S, 01 9(Cfet\T, a4(OH«gm^lCfe(t«5^M^7 7-fAiz>-y->' 
^TA1 3li, jtiBl 1 v JfcA^I 2, 19. 2 2, 51, $J8P#§ 1 3, fta& 

aaasi 4, 57, RF«^ai 5, %jm«i 6, ^vu-^i 7, a% 
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1 8, K S3fc§§23, BPF52. Jt4f3g5 3, A/D5.4, 

J3iffl&f 1=1 2GHz v /\VI/*(i1 0 0 n sVWil /VUXft^ 2 n s OftMm 
PH*ffi(*T* Hiftgfc f 2 = 1 0 . 8GHz, 3 0 n s OB 2 A;U*ft|cg 

*s*u %j*mii 6(caji*;**i3o c:ne»iiis^2/\-;i/x^(^ m 

^ 5 1 h j lcA^$n, 2 ofc^BE^ti^o *MES*ifc-*tt, ?|\— h 1 1> 

e>ami£*u ftmmmm&&5 7'cmm<Dm i ,Bim (f ao) tc^&sn. 

7t7 7 ^A2 1 (Dffe^fcA^^ti^o z.(r>%-PT^m 1 oDffe^j&^A^^ti 
£ c w u— tfittfi-jn-fitiiixz. 

ft (7V)lT>m\.%) It. 9^UT^^22^-hrlcA^ 
$*1<S„ ^-hq^e>A^$nfcfiff^(D^5^(OCWU---b-^ < h7H--h r*^AIt 

Sftfg 2 3 CAWStl*. gfr^Offl&gfe (fao)li 1 2 0 M H z ORES ft* 

oa^i*. b p f 5 2 izAtitstiz, mzi& *nmmm-?^ b p f 5 20^® 
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nmts *>bmmm& 1 2 0 m h z Tiii§ji&£fcigffl# imm z izmmznrc 

B P F 5 2<Dtfc2j(4, if flit! 5 2TBff^0U^;i/^-eiiiIi$n. A/D5 4T7 

i-nt/m^fr^^ is&Mwmzm&ztiz, z.zx\ ±m<Dm^izm\x. &/ 

D 5 4<DD->7V >#ls- h£5 0 0 M SJU±|Z^^§ 0 ^mMBBXlts 1 G 
SlC^^n^Co fLT, A/D5 4(£fcB7Jl4, rtyy 7 5 5 [Z-B#^{clE1t$n 

&(c ^yy7 5 so^r-^^m^xm-i (ommmmtmmizs ^.zihm.^^ 
oti o cm(D^rH^^-e^7-rA2 1 iz3iO&mfr%.zfi}&m%$tm-f&o 

•t^m^omifit. m&iz7jk?mi (Dmmmmiz^iir^^mtfty7^/^>D-> 

&±<d£?iz. *nmmm\ztetf&ftftmi!t7 7'C/'<-k>y-*>XTA'i 3(4, m 

m 5 (Dnmm\z&[7&tt*im%7 y^n^ >d-*>xtau. m 2 /vuxytiz* 

JUT >mift&)\,--y2 1*3 Z\ £ ICck o TigiPI U itipi Sftfcy U JUT 
SL7fe£^ajU-£ c <»: lc J: ^xmfrRZt : &m&*#>Z>mmBMXfcZ> 0 

*IK HI2 0 (a) (4^-©*f/i!c£^U 120 (b) l$9t7- h^-T y^OWflOfc 
^J^;^^tSOil^^-r^-r*>^^-hT , ^'5o g]2 1(4, H5<DHSii 

H120 (a) ic&ut, m5<DmmBmiztev%ftGmft7 7 4/*ii>irisXT- 

A1 4(4, MM 1 , %1*7z> \ 2, 1 9, 2 2, 6 1 , 6 4, MP§§ 1 3, 5fcJ! 

4, 5 7, RFMH 5, fttttiRg 1 6, 6 3, ft7-<VU-*1 
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7> mftMWHsl 8, Jt77^A2K ^-h^7f6 2 4 BP 

F6 5, 11^6 6, A/D67, Ay 77 6 8 #JSP;1tMJ 6 9$f^tii 

ixftffiifti 4icai*£*i&. Aitufccwu-it'jfcit ^Jiafeiuaftflsi 4-e 

Ji&£fc f 1 =1 2GHz, AJU*ffi 1 00ns©^1 AJUXftit:, 2ns OftRQM 
Hteffl WT\ mfeWL f 2 = 1 0 . 8GHz, A;|/*ifls 3 0 n s (DM 2 AJI^ftlCfe 
JfeSft* HI2 0 (b) !C^lT*^i5>^Tftili!I§5l 6 [CAIf £*l£o ^<E>&v C 

ft£>ff! i 2 A;u*ftii, W, i ®%tfc^«g£iqM&fcfftii u&#£>, i 

1 <£-7J3ffillCAI*i*n&o 

-73s ft^^l 2T^ie$tl^-hd^e>|tai$tl^CWU-1r^tt, 
^ 6 1 (D7|t- h n ICAI*£*U 2 OjZ^ifi^tl^. ^IS^tlfc— 7Jliv 7ft— h o 

ZMftzn, 120 (b) iz7jk?i$"( s.>tr?w?-\+x4 y^e 2&jY\sXitii 

7*7 6 4 07tt- h v (CAI*£ft«5, ^776 1 T-#IB$ftfcfl!i7m. 7f*- h pfr 

e>Jt*#£*u %M»ckKtAff5 7T-mm<D®}itimzm&2ti s ^7722©^- 

h* q (CAm£ft£„ 

StU 7t77-TA2 1 <Dffe^lCAI*$ft3„ £ Oft 7 7-^2 1 CDffe7J^6A 
WStlfcCWU— IfTt^P-^i^S. -73, 7t77-<A2 1 tfCi2/^l/7 
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^6 4^-hufcA^$n^, 7£-buizAmufc7*jji'7'>mimt. 
i ofcjjmzAMztiz. cpLt^y-h^^e 2^st=fai$n^:cwu- 

mc** $>#TmKftm-t&£z>izftyMmm&6 soumiz^ox, m2 o 
(b) iz7rs-rm<mmnmTLoop z:tiz^tm ! t B.m.m^i a z> 0 )v- 
zf*¥Ji'%.mWLtittmm-?z>z\ti\z&yit7 7<<rt2 1 *-cmvmumM.<tmT2>rci 
it>> ityT^^2\(om^ : ^m^^K^t=.^m\zi^^tmz. t£2/v\,xt 

4 om^-^^|aiu^-r$>^-eM)mgP6 9<D$jspicj;ygttss2 3 com 

^BPF6 5fC£b^$n<So 

CCT, fBIl 10. 5GHz©ft7 7 ^/\'£^/BU£i§^lC{i, 3t*^2 
2lCfcl*<5 I F;£ (^;&) ICfcU, f 1-fO=12GHz, f 2 - f 0 = 1 0. 8 
GHz, f 1 - f 0-f B=1. 5GHz, f 2-f 0-f B=0. 3GHz (3 
0 0 M H z ) tteZW. *>t>m : M$ktf 1 2 0MHz T^j®Ji;&£fc^ffl# 1MHz 

icg^-rtif^ t&2/v\,xmzj:&7vj\,7>mLytfc\7myt&2 3^e>m^$i± 

B P F 6 5<D&tllts mm$s6 6T*ffifc<Dl"<>J\,$.T?MitnZtl. A/D6 7T7 
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G S ICttJ££nfc. A777 5 5I1 A/D5 4 <£|i5:fc£-B#|ft(ClE1jrr<S 0 fi^ 
'^75 SO^-^fflUTfpSI CO^^ff^i isI^Uc. 5£3J^5£5|Cj;oT5 c 

Tv 5t77-f/tgP2 1 ORR^|SllC#^^7-rAgP2 1 -1 <D&&&mm%i*£ 

T^z^mmT^o B2i©D L it ytx-J^Q A-*j£7 7<im i 

1 9-*3tlii|ig6 3-*3tA^6 4©;U-:7 0 |Cfcl:r&^£3;£&Tfti!£ 
i±fc*>tf>T&&. k|HlSICZ = L^e>A^bTiilE]^^P-^(i. 5£6(E>cfc? 



lnPp(0)*>= - J zo R(k) (2) r (Z,S)Ss(Z)dZ-QfpUlnP P (L) .<M> 

(6) 



R (k) (z) te, kEie zfiig|c*5(t^m2/^x^<i:^P-^<!:(D<l;^^ 

m&&&£mfrmt ! %.m.iz®mTz>o asij^7 7'rA2i©inii-cfey. s 



Sp(2)= 



Ps(Z) 
Aeff 



(7) 
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£CT\ Aef fit ^t7 7-fA2 1 <Dm$bMWmX$>%>o tifz, M2 1 «tySC8 

P s (k - 1) (L)=DLGE (k "" 1) Ps (k - 2) (0) - • (8) 



9 O 



jo 



a\\= Psdz exp(- a pZj) (10) 

IJ Aeff M J 



R (nk) 

R. k = J (11) 



qJ s = ^ ln( p 5 (L) ) - « sL-^zf ln( /3 ) (12) 
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fc#>, #4+siy#\zmt?-&mfrmt^}&mmkiz%ttm-f%z£tf-?g% 0 

h;W <h ZitrnTZ C £ IC J: ■=> T*»/J\EIIB©fl!IBE**«)«5 C <t**T#*. 

feivc i%ffi»fti svffiytw&muhfcffidmizmmi, <S4 n , as 

fcfiHvCBlWUfcS 1 2MS1 6|C«kU, ttSUW**** hJH&#«>* (S4 

2) o ¥m&&to&0izmmt£Wim.®m£itmftm&mtttfe>s 4 1 s 4 2 

^^h;u*^W*c<fc»cj:oT¥^«iLfiJ»^^^hJU**a6* (S4 4) . 

mftrnmi somiw***njEMftmiznm'u (s4sk si 2 
Tbms 1 6\z±vz:oftmteffi?tmiz*ttzmLmmx'<.* h;u <«»j£tfca*y»x 

**M/) (S4 6) o ¥*§«SLfU»^^^ h;Ut»S»SSLfiJ»^^^ h 

^Ut3fl»6fll3tefW»*«:^ fllJ£«m«>d (S4 7) „ 
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(1 ) ii^ilciS:i$ti§t>tffl05fe77'fAiv 

ih*^ h;u«\ iiuiEif5 2/\vux(£/\\>!^^ 

(2) ttlBtttti^tttt* 
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(4) metttum» % 

m&&ftm<Dmt)05t>m&<Dmmm&m&ftmTZrt>F-/%x • 7* just 

(5) SMBfcffigMSfik 

0r£©»»8fc(D*«:«||EJS 2 3 cfc 5 (CiiuiEft 7 7 -f A|cA**f 
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&m±+*m*omm 5 juzmnuom s iztmo^m^ty 7 -fA-tz >it~> 

(8) mmmmm&nt. 

%nm£i-z>m&(Dmm 7 iz^mo^m^ty7^^±>D->^Ao 

( 9 ) BulS^tti^lSli % 

2 -DlZftEiTZ tmz, b7t-^O^^jl5^^ 7 AlcAS*£t!:<SiJI 2 ft* 

v 
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